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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an analytical meth- 
od and an analytical apparatus using test strips, and 
more particularly to an analytical method and an analyt- 
ical apparatus in which a biological sample such as urine 
or blood is caused to develop color reaction in reagent 
sections on test strips. 

DESCRIPTION OF THE PRIOR ART 

A method of analyzing using test strips, each of 
which is made by impregnating small strips of felt or the 
like with reagents to form a plurality of reagent sections 
or test sections, and bonding the small strips to a plastic 
stick, has been adopted, for example, in a screening test 
for group examination and diagnosis of diseases. An ap- 
paratus capable of automatically carrying out operations 
necessary for such a method is disclosed in Japanese 
patent unexamined publication 61 -91 571 . Note that this 
Japanese patent unexamined publication 61-91571 cor- 
responds to U.S. Patent 4,876,204. 

In the analytical apparatus of analyzing disclosed in 
the above-cited Japanese patent unexamined publica- 
tion 61-91571, a test strip supplied from an automatic 
supply device one by one is held by a handling device, 
and the held test strip is dipped into a sample liquid in a 
sample container. After that, the test strip is lifted out of 
the sample container and transferred to a reaction table. 
The test strip is then transported to a light detecting por- 
tion where colored reagent sections are measured. 

That prior art also discloses an arrangement for 
measuring a sample liquid level in the sample container 
and giving an advance notice of insufficiency of the sam- 
ple liquid, prior to dipping the test strip into the sample 
liquid. Further, an arrangement for detecting the liquid 
level in bottles is disclosed in U.S. Patent 4,451 ,433. In 
this U.S. Patent 4,451 ,433, the liquid level of reagent so- 
lutions supplied to a chemical analyzer is detected by a 
pair of electrodes. 

In the apparatus of the above-cited Japanese patent 
unexamined publication 61-91571, those samples of 
which volumes are not enough to make the reagent sec- 
tions of the test strip thoroughly dipped in the sample liq- 
uid are all disabled from measuring and, therefore, au- 
tomatic measurement cannot be achieved. More specif- 
ically, the test strip comprises a plastic stick having a plu- 
rality of reagent sections arranged in the direction of stick 
length. To make all the reagent sections thoroughly 
dipped in a sample, it is required that a sufficient volume 
of sample has been sampled in the sample container. In 
the practical working field, however, samples are occa- 
sionally sampled such that the sample volumes are too 
small to provide a sufficient liquid depth in the sample 
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containers. 

A simple manually operated apparatus is disclosed 
in DE-A-3 241 922, with a centrifuge tube having an ex- 
tension tube attached to a piston such that when the pis- 
5 ton descends into the centrifuge tube the sample is 
forced up the extension tube to a level higher than the 
edge of the centrifuge tube and high enough to cover the 
fields on a test strip inserted into the tube. 

10 SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
analytical method and an analytical apparatus by which 
multi-item analysis can be performed using test strips 
even when the volume of a sample liquid contained in a 
sample container is not sufficient. 

According to the present invention, there is provided 
for an analytical method according to claim 5. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing the overall con- 
struction of a urine analyzer to which the present inven- 
tion is applied. 

25 Figs. 2A and 2B show an example of a test strip; Fig. 
2A is a top plan view and Fig. 2B is a side elevational 
view. 

Figs. 3A and 3B show a structural example of a cas- 
sette in which test strips are stored; Fig. 3A is a vertical 
30 sectional view and Fig. 3B is a front view. 

Figs. 4A, 4B and 4C show a principal part of the an- 
alyzer shown in Fig. 1 and are illustrations for explaining 
successive operation steps of a sample liquid level ad- 
justable device. 
35 Fig. 5 is a flowchart showing operations of the ana- 
lyzer shown in Fig. 1 . 

Fig. 6 is a schematic view for explaining a principal 
part of another embodiment of the present invention. 
Fig. 7 is a schematic view for explaining a principal 
40 part of a further embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A sample container is supplied in a state that a sam- 
ple liquid is contained. A test strip has a plurality of rea- 
gent sections arranged in series thereon corresponding 
to multiple analytical items. The volume of the sample 
liquid necessary for making all the reagent sections thor- 

50 oughly dipped into the sample liquid is related to the 
depth and sectional area of the sample container, as well 
as the depth by which the test strip is inserted to the sam- 
ple container. 

For convenience of description, the surface level of 

55 the sample liquid at which all the reagent sections can 
thoroughly be dipped into the sample liquid will be re- 
ferred to as a reference level. The reference level is re- 
lated to the bottom of sample containing chamber of the 
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sample container and a level position adapted to com- 
pletely cover the uppermost reagent section when the 
inserted test strip is maximally lowered. In general, the 
distance between the bottom of sample containing 
chamber of the sample container and the lower end of 
the test strip suspended from handling means during the 
dipping is always kept constant. When the sample liquid 
level in the sample container prior to dipping of the test 
strip does not reach the reference level, it is difficult to 
make all the reagent sections contacted with the sample 
liquid. To cope with this difficultly, therefore, the test strip 
is dipped after raising the sample liquid level in the sam- 
ple container. 

In order to raise the sample liquid level, a liquid level 
rising member for reducing the sectional area of effective 
volume of the sample container itself to contain the sam- 
ple liquid is inserted to the sample container. This liquid 
level rising member preferably comprises a rod-like 
member having the outer configuration a part of which is 
formed in conformity with the shape of an inner wall of 
the sample container. The liquid level rising member, 
supported in a vertically movable manner, is designed in 
the configuration and the inserted position thereof so that 
the insertion of the test strip into the sample container 
will not be prevented. When the liquid level rising mem- 
ber is lowered to enter the sample liquid, the sample liq- 
uid level in the sample container is raised depending on 
the cubic volume of the liquid level rising member that 
has entered the sample liquid. Under a state that the 
sample liquid level is equal to or higher than the refer- 
ence level, the test strip is dipped into the sample liquid. 
All the reagent sections can thereby be contacted with 
the sample liquid for the same period of time, making it 
possible to uniformly keep start conditions for color de- 
veloping reactions in the reagent sections. 

A urine analyzer shown in Fig. 1 comprises a sample 
positioning device 14, a test strip automatic supply de- 
vice 15 : a test strip handing device 16, a liquid level ad- 
justable device 1 8, a measuring device 1 7, and a control 
and data processing device 1 9. The sample positioning 
device 1 4 includes a plurality of sample containers, each 
containing a sample liquid, arranged thereon and oper- 
ates to successively transfer and position the sample 
containers to a test strip dipping position. The test strip 
automatic supply device 1 5 accommodates a plurality of 
test strips and operates to deliver the test strips one by 
one to a pick-up position. The test strip handing device 
16 grasps the delivered test strip, dips it into the sample 
liquid in the sample container held at the dipping position, 
and thereafter transfer the same to a test strip setting 
position in the measuring device 17. In the measuring 
device 1 7, the set test strip is transferred to a measuring 
position to conduct a measurement. When dipping the 
test strip by the test strip handing device 1 6 into the sam- 
ple liquid, if the sample liquid level in the sample contain- 
er is lower than the reference level at which the portion 
of the test strip that contributes to reactions for analysis 
of the test strip can thoroughly be dipped into the sample 
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liquid, the liquid level adjustable device 18 inserts a liquid 
level rising member or rod 40 into the sample container 
to such an extent that the sample liquid level is raised up 
to the predetermined or reference level. 

5 In a preferred embodiment of the present invention, 
the liquid level adjustable device 18 includes a liquid lev- 
el sensor. The liquid level sensor may be of the type 
that-electrodes are inserted to the sample container to 
detect contact of the electrodes with the liquid surface, 

J0 or the type that the liquid level is optically detected from 
the outside of the sample container. Control of the extent 
by which the liquid level rising member is inserted to the 
sample container, and operation of dipping the test strip 
into the sample container by the test strip handling de- 

J5 vice 1 6 can be performed by the following method. 

The method involves the sample liquid level being 
measured before the liquid level rising member is insert- 
ed to the sample container. More specifically, prior to in- 
sertion of the liquid level rising member into the sample 

20 container, the liquid level sensor of electrode type is in- 
serted to the sample container for measuring the sample 
volume or the sample liquid level in the sample container. 
Based on the measurement result, the control and data 
processing device 1 9 calculates and determined the ex- 

25 tent of insertion of the liquid level rising member which 
is necessary for raising the sample liquid level in the 
sample container up to the predetermined level. Then, 
the sample liquid level adjustable device is operated to 
insert the liquid level rising member into the sample con- 

30 tainer so that the sample liquid level in the sample con- 
tainer is raised up to the predetermined level enough to 
make the test strip thoroughly dipped into the sample 
container. After that, the test strip handling device is op- 
erated to dip the test strip into the sample liquid in the 

35 sample container. 

As the liquid level rising member, there is used a 
rod-like member formed such that the portion which is 
inserted to the sample container has a length at least 1 12 
or more of, preferably almost equal to, the length of the 

40 sample container, and the main portion which is dipped 
into the sample liquid has a sectional area at least 1/5 or 
more, preferably 1/3 or more, in terms of the inner diam- 
eter of the sample container. The liquid level rising mem- 
ber is configured and located in relation to the sample 

45 container so that the insertion of the test strip into the 
sample container will not be prevented. 

Fig. 1 shows a structural view of an automatic urine 
analyzer to which the present invention is applied. In the 
sample positioning device 1 4, a plurality of sample con- 

50 tainers 20 each containing a urine sample to be analyzed 
are arranged on a turntable 21 . The turntable 21 is turned 
with predetermined time intervals for successively trans- 
ferring the sample containers 20 to a test strip dipping 
position B. The number of the sample containers allowed 

55 to be loaded on the turntable 21 is 60 in the illustrated 
embodiment. The test strip automatic supply device 15 
has a function to supply test strips 23, which are stored 
beforehand in place, one by one to a pick-up position A 
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in synchronism with the analytical cycle. 

As shown in Fig. 2, the test strip 23 comprises a rec- 
tangular stick plate or stick 24 on which a plurality of re- 
agent sections (or test sections) are arranged in the di- 
rection of stick length. The reagent sections respectively 
correspond to individual analytical items. The test strip 
23 has a grip region 2 at one end side. Each reagent 
section 25 is formed of a small strip of filter paper or felt 
impregnated with a reagent corresponding to the analyt- 
ical item. In the example shown in Fig. 2, the test strip 
includes eleven small strips in total; namely ten reagent 
sections subjected to analysis and one standard section 
for color compensation. The test strip has an overall 
length of about 120 mm and the length of region of the 
reagent sections is about 90 mm. To make the whole of 
the reagent sections thoroughly dipped into the sample 
liquid, therefore, the sample liquid in the sample contain- 
er is required to have a liquid level not lower than 90 mm. 
The sample container usually employed in urine analysis 
is approximately 100 mm long. 

Figs. 3A and 3B show the structure of a test strip 
cassette 26 storing the test strips 23 therein. The test 
strips 23 are stored in the cassette 26 such that they are 
pressed toward a take-out port 29 by a leaf spring 28 via 
a retainer plate 27. The cassette 26 is mounted to a cas- 
sette holder 30 of the test strip automatic supply device 
1 5, and a test strip delivery device 32 operated by a mo- 
tor 31 delivers the test strips one by one to the pick-up 
position A. The test strip automatic supply device 1 5 in- 
cludes two units of cassettes 26 each capable of storing 
100 pieces of the test strips 23. When one cassette 26a 
is exhausted up, a cassette change-over device 34 is 
turned to automatically replace it by the other new cas- 
sette 26b. 

The test strip handling device 16 shown in Fig. 1 in- 
cludes a drive mechanism 36 for causing an arm 35 to 
move vertically and swing or rotate about a vertical shaft, 
and a test strip gripper (or a grip) 37 attached to the distal 
end of the arm 35 in such a manner as to be able to de- 
tachably hold the test strip 23 and rotate about its axis. 
The test strip handling device 1 6 grasps the test strip 23 
in the pick-up position A, dips it into the sample liquid in 
the sample container 20 positioned in the dipping posi- 
tion B, lifts it out of the sample liquid after a predeter- 
mined period of time, and further transfers it to a test strip 
setting position C in the measuring device 17, followed 
by releasing the test strip from the grasped state. 

In the liquid level adjustable device 18 shown in Fig. 
1 , a pair of liquid level sensing electrodes 39a, 39b and 
the liquid level rising member 40 are supported by the 
arm 41 to be suspended therefrom (see Fig. 4). The arm 
41 is operated by a drive mechanism 42 so that it moves 
horizontally in directions of arrows in Fig. 1 and vertically. 

Operation of adjusting the sample liquid level will 
now be described with reference to Figs. 1 and 4. In the 
turntable 21, there are provided holes 71 in the same 
number as holes into which the sample containers 20 
are to be loaded. When the arm 41 is advanced toward 
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the turntable 21 in the direction of one arrow in Fig. 1 and 
the liquid level sensing electrodes 39 are positioned at 
a detection position D, the liquid level rising rod (or mem- 
ber) 40 is located just above the hole at a position 71a. 

5 Upon lowering the arm 41 , the electrodes 39 are lowered 
to enter the sample container in the detection position D, 
while the rod 40 is lowered to penetrate through the hole 
at the position 71 a. When the arm 41 is retracted in the 
opposite direction, the rod 40 and the electrodes 39 are 

10 positioned in a state as shown in Fig. 1 . When the arm 
41 is further retracted outwardly, the rod 40 and the elec- 
trodes 39 are positioned above a washing tank 45. 

More specifically, while the liquid level adjustable 
device 18 is in a standby state, the rod 40 and the elec- 
ts trodes 39 are kept stopped above the washing tank 45. 
When the liquid level adjustable device 18 starts its op- 
eration, the arm 41 is advanced inwardly so that the elec- 
trodes 39 are positioned at the detection position D pre- 
ceding one step from the dipping position B. Then, as 

20 the arm 41 is lowered, the electrodes 39a and 39b are 
caused to enter the sample container in the detection po- 
sition D and are stopped at such a level position that both 
the electrodes are contacted with the sample liquid sur- 
face, including a case where one electrode is contacted 

25 with the sample liquid surface and the other electrode is 
dipped in the sample liquid (Fig. 4a). The control and 
data processing device 19 determines whether the de- 
tected sample liquid level or sample volume is not less 
than the necessary minimum level or amount. The nec- 

30 essary minimum level of the sample liquid surface is set 
beforehand as a fixed value depending on the adjustable 
capability of the liquid level rising rod 40, and the set val- 
ue is stored in a memory of a control unit 51 . 

It is set in the illustrated embodiment that the sample 

35 container has a length of 1 00 mm, the sample liquid level 
necessary for making the test strip thoroughly dipped 
into the sample liquid is 90 mm, and further the minimum 
sample liquid level required to enable adjustment by the 
liquid level rising rod 40 up to the above necessary level 

40 is 60 mm. In a case where the sample liquid level does 
not reach 60 mm, this is regarded as insufficiency of the 
sample volume and analysis of that sample container is 
skipped while issuing an alarm. In a case where the sam- 
ple liquid level exceeds 60 mm, the detected signal is 

45 deliveredtothecontrolunit51 where the control and data 
processing deice 1 9 calculates, based on the liquid vol- 
ume necessary for raising the sample liquid level up to 
90 mm, the number of pulses applied to a pulse motor 
by which the liquid level rising rod 40 is inserted to the 

50 sample container, the calculated number of pulses being 
stored in a built-in storage. 

The grounding terminal 39b of the liquid level sens- 
ing electrodes has its distal end which is bent into a 
scoop shape and also serves as a stirrer 44. For the sam- 

55 pie to be analyzed, the stirrer 44 is now moved up and 
down several times by operating the arm 41 vertically so 
that the sample liquid is stirred for mixing. 

After that, the sample container 20 is advanced by 
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one step for transfer to the dipping position B, and the 
arm 41 is horizontally retracted by the drive mechanism 
42 so that the liquid level rising rod 40 is moved to a lo- 
cation just above the sample container 20 in the dipping 
position. The liquid level rising rod 40 is then inserted to 5 
the sample container 20 depending on the number of 
pulses stored in the above step, followed by coming to 
a standstill there. This insertion of the liquid level rising 
rod 40 causes the sample liquid level to rise up to the 
level of 90 mm necessary for thorough dipping of the test 
strip (Fig. 4b). 

While keeping the liquid level rising rod 40 inserted 
in the sample container, the test strip handling device 1 6 
is operated to carry the test strip 23 and lower the same 
into the sample container in the dipping position for dip- 
ping into the sample liquid with one end of the test strip 
grasped by the grip 37 of the arm 35 (Fig. 4c). After the 
dipping for a predetermined period of time, the grip 37 is 
elevated to lift the test strip 23 out of the sample liquid 
for transferring it to the test strip setting position C above 
the measuring device 1 7. At the time of reaching the set- 
ting position C, the handling device 16 releases a test 
strip 23a, on which color developing reactions have start- 
ed, from the grip 37 to be ready for a next new test strip. 
Thereafter the liquid level rising rod 40 is lifted out of the 
sample container 20 and the arm 41 is horizontally 
moved toward the washing tank 45. The electrodes 39a, 
39b and the liquid level rising rod 40 are lowered into the 
washing tank 45 and washed with a cleaning liquid, fol- 
lowing by elevation to a standby position for analysis of 
the next sample. 

In the measuring device 17 shown in Fig. 1, rolled 
paper 46 is used to transport the test strip 23a under the 
color developing reactions which has been received from 
the test strip handling device 16. The rolled paper 46 is 
let out and wound up by a reeling device 47 with prede- 
termined time intervals, whereby the test strip 23a placed 
in the setting position C is transported toward a light de- 
tecting position E. With such an arrangement, the test 
strip 23a is positioned at the light detecting position E in 
a photometer 49 after a certain period of time from the 
dipping into the sample. 

In the photometer 49, a plurality of small-sized opti- 
cal sensors of reflection type, each of which comprises 
light sources formed of LEDs emitting rays of light in spe- 
cific wavelengths corresponding to analytical items, re- 
spectively, and light receiving elements formed of silicon 
photodiodes, are arranged in one-to-one relation to po- 
sitions for detecting the reagent sections of the test strip 
23a so that the intensity of the reflected light from each 
reagent section colored by the ongoing reaction is meas- 
ured. The measurement results are supplied to the con- 
trol unit 51 via an A/D converter 50 for data processing 
to be indicated on a liquid crystal display and printed by 
a printer 53. The analyzing operation in the present ap- 
paratus is progressed in response to an input entered 
from a control panel 54. The test strip on which the meas- 
urement has been completed is wound up by the reeling 



device 47 together with the rolled paper. After the com- 
pletion of certain cycles of the measurement, the rolled 
paper wound up together with the test strips is removed 
out of the reeling device and discarded. 

Fig. 5 shows a flowchart of a program example for 
steps of analyzing operation performed in the analyzer 
of Fig. 1 . The analyzing operation is started in a state 
that the first one of the sample containers 20 loaded in 
the sample positioning device 14 is positioned at the liq- 
uid level sensing position D. The program for the analyz- 
ing operation is progressed with each cycle of 12 sec- 
onds by repeated operations of "washing the elec- 
trodes", "dipping the test strip" and "setting the test strip 
in the light detecting position", during which the test strips 
are successively dipped into samples on the turntable of 
the sample positioning device 14 and transferred to the 
measuring device 17. The test strips 23a transferred to 
the measuring device 17 are transported with a cycle of 
12 seconds such that each test strip is positioned at the 
light detecting position E after 60 seconds from the dip- 
ping into the sample and measured by the photometer 
49 which outputs the measurement result. In other 
words, with this program, the result of analysis on the 
reaction developing for 60 seconds after the dipping into 
the sample is obtained at a processing rate of 12 sec- 
onds for each sample. 

According to the above-explained embodiment, 
when the sample liquid level in the sample container is 
in short of the level necessary for making the test strip 
thoroughly dipped in the sample, the sample liquid level 
can be raised up to such a level as allowing the thorough 
dipping of the test strip. Therefore, even in the foregoing 
case of using a test strip which has a long test region 
corresponding to many analytical items, it is possible to 
conduct analysis with a relatively small volume of the 
sample liquid to be prepared in the sample container, 
which is easy to handle. 

With the increased number of items to be checked 
in clinical examinations, in a screening test of urine which 
uses test strips capable of color developing reactions, 
there has been employed such a test strip for multi-item 
analysis as including 10 or more test items. When load- 
ing those test strips on an automatic analyzer, it is trou- 
blesome and poses nerve strain for an operator to pre- 
pare numerous sample containers beforehand so that 
each container contains a sample liquid with its surface 
level enabling all reagent sections on the test strip to be 
thoroughly dipped in the sample liquid. However, the em- 
bodiment shown in Fig. 1 allows the operator to sample 
a volume of the sample liquid, which is relatively small 
and thus easy to handle, in each sample container. Ad- 
ditionally, even if the volume of the sample liquid is sam- 
pled in a rough manner, the sample liquid level can al- 
ways be adjusted in the course of measurement to a 
height enough to make all the reagent sections on the 
test strip thoroughly dipped in the sample liquid. 

A second embodiment according to the present in- 
vention will next be described with reference to Fig. 6. 
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Fig. 6 shows an arrangement only in the vicinity of the 
test strip dipping position B. The remaining arrangement 
is the same as that in the analyzer of Fig. 1 . This second 
embodiment includes a liquid level sensor for making a 
detection at a predetermined position that must be 
reached for thorough dipping of the test strip. According 
to a method of the second embodiment (this method is 
not covered by the claimed method), the sensor detects 
that the sample liquid level raised by inserting the liquid 
level rising rod 40 into the sample container 20 has 
reached the predetermined position, whereupon the in- 
sertion of the liquid level rising rod 40 is stopped. The 
detecting operation is performed in the same step as 
when the liquid level rising rod 40 is inserted. More spe- 
cifically, the sensor comprises a pair of electrode 55 and 
40 (i.e., the liquid level rising rod). The electrode 55 is 
arranged such that it can be rotated to enter the sample 
container 20 by a drive mechanism 56 for operating to 
rotate the electrode 55 independently of the liquid level 
rising rod 40, and is positioned to a level position h cor- 
responding to the sample liquid level necessary for dip- 
ping of the test strip. 

The liquid level rising rod 40 is formed of conductive 
material and serves also as a negative electrode. With 
the electrode 55 thus positioned, the liquid level rising 
rod 40 is inserted to the sample container to raise the 
sample liquid level until the electrode pair detects that 
the sample liquid level has reached the level position h 
of the positive electrode 55. The insertion of the liquid 
level rising rod 40 is stopped in response to a detection 
signal, thereby providing the predetermined sample liq- 
uid level. In comparison with the method of Fig. 4, the 
method of this embodiment has a feature capable of di- 
rectly detecting the fact that the sample liquid level has 
reached the predetermined level position. To realize this 
feature, however, it is required to provide the electrode 
drive mechanism 56 operating independently of the liq- 
uid level rising rod, and also take a care in the inserted 
position of the positive electrode and the arrangement of 
the electrode drive mechanism so that the dipping of the 
test strip will not be interfered with. 

A third embodiment according to the present inven- 
tion will next be described with reference to Fig. 7. The 
embodiment of Fig. 7 employs optical means as a liquid 
level sensor. In Fig. 7, there are shown a schematic top 
plan view in the upper side and a schematic side view in 
the lower side. A small-sized optical sensor which com- 
prises a light source formed of an LED and a light receiv- 
ing element formed of a silicon photodiode, is provided 
at a level position h corresponding to the predetermined 
sample liquid level in the dipping position, thereby de- 
tecting arrival of the sample liquid level to the predeter- 
mined level for control of the extent by which the liquid 
level rising rod 40 is inserted to the sample container 20. 
If a ray of light is emitted to pass the center of the sample 
container 20, the liquid level rising rod 40 would interfere 
with the light path. For this reason, the arrangement is 
made to pass the ray of light offset from the center of the 



sample container as shown. The presence of the sample 
causes the light path to bend due to refraction upon en- 
tering and exiting out of the sample, so that the magni- 
tude of a signal from the sensor is reduced. By utilizing 

5 such a signal change, rising of the sample up to the pre- 
determined level is detected. 

It should be noted that the present invention is not 
limited to those embodiments as mentioned above. By 
way of example, the sample positioning device may be 

10 arranged to move a rack, instead of the turntable 21 , for 
transporting samples. Also, the test strip handling device 
1 6 may be arranged to drive the arm by moving it linearly 
rather than rotative ly or swingably. Other various me- 
chanical transporting means than using the rolled paper 

15 may also be adopted to transport the test strips in the 
measuring device 17. In place of the photometer in which 
a plurality of sensors are provided corresponding to the 
individual analytical items as illustrated in the embodi- 
ment, it is further possible to carry out optical measure- 

20 ment while scanning the reagent sections on the test 
strip, by using a photometer which has a function of light 
detection with a plurality of wavelengths. 



1. Analytical apparatus using test strips (23) each of 
which has reagent sections (25) able to develop 
colors upon contact with a sample, said test strip 

30 being dipped into a sample liquid in a sample con- 
tainer (20), said reagent sections (25) being then 
subjected to optical measurement, comprising a 
sample positioning device (14) for positioning sam- 
ple containers (20) each containing a sample liquid, 

35 to a predetermined position (B), and a test strip han- 
dling device (16) including a drive mechanism (36) 
for dipping a test strip (23) with reagent sections (25) 
formed thereon into the sample liquid in the sample 
container (20) at that predetermined position (B) and 

40 then transferring the test strip (23) to a measuring 
device (17), further comprising liquid level sensing 
means (39, 40, 55, 57, 58), a control and data 
processing device (1 9) for determining, on the basis 
of a predetermined value, whether the detecting 

45 sample liquid level or, volume is less then the nec- 
essary minimum level or amount, characterized by 
a liquid level adjusting device (18) for inserting a liq- 
uid level raising member (40) into said sample con- 
tainer at said predetermined position for raising a 

50 sample liquid level in said sample container (20) as 
controlled by the control and data processing device 
(19). 

2. Analytical apparatus according to claim 1 , wherein 
55 said liquid level adjusting device (18) comprises a 

drive mechanism (42) operating on an arm (41 ) sup- 
porting the liquid level raising member (40) to 
change the depths of the sample in said sample con- 
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tainer so that all reagent sections (25) on said test 
strip (23) are dipped into the sample. 

3. Analytical apparatus according to claim 1, further 
comprising an arm (41 ) on which both the liquid level 
raising member (40) and the liquid level sensing 
means (39) are arranged. 

4. Analytical apparatus according to one ot claims 1 to 
3, wherein said liquid level raising member (40) com- 
prises a vertically movable rod-like member and said 
liquid level raising member has the outer configura- 
tion a part of which is formed in conformity with the 
shape of an inner wall of said sample container (20). 

5. Analytical method using test strips (23) each of 
which has reagent sections (25) able to develop 
colors upon contact with a sample, said test strip 
being dipped into a sample liquid in a sample con- 
tainer (20), said reagent sections (25) being then 
subjected to optical measurement, comprising the 
steps of 

positioning the sample container (20) in a pre- 
determined position (D), detecting the sample liquid 
surface by liquid level sensing means (39, 40, 55, 
57, 58), determining by a control and data process- 
ing device (19) whether the detected sample liquid 
level or volume is less then the necessary minimum 
level or amount, advancing the sample container to 
a dipping position (B) activating, if necessary, a liq- 
uid level adjusting device (18) to insert a liquid level 
raising member (40) into said sample container (20) 
wherein the depth of insertion is controlled depend- 
ing on the detected liquid level and stopping the 
insertion when the predetermined level is reached, 
dipping said test strip (23) for the intended reaction 
into the sample liquid by a handling device (1 6), tak- 
ing the test strip (23) out of the sample container 
(20) for optical measurement, and removing said liq- 
uid level raising member (40) from the sample con- 
tainer (20). 

6. Analytical method according to claim 5, wherein said 
sample container (20) is transferred to be succes- 
sively positioned to a liquid level sensing position 
(D) and a test strip dipping position (B) such that liq- 
uid level sensing electrodes (39) are inserted to said 
sample container in said liquid level sensing position 
(D) and said liquid level raising member (40) and 
said test strip (23) are both inserted to said sample 
container in said test strip dipping position (B). 

7. Analytical method according to claim 5 wherein 
when the volume of the sample liquid in said sample 
container (23) is so small that the sample liquid level 
cannot reach the predetermined level even after 
said liquid level raising member (40) is fully inserted 
down to the allowable maximum depth, an alarm is 



issued to give a notice of insufficient volume of the 
sample liquid. 



5 Patentanspruche 

1. Analysevorrichtung unter Verwendung von Test- 
streifen (23), von denen jeder Reagenzabschnitte 
(25) aufweist, die in der Lage sind, bei Kontakt mit 

10 einer Probe Farben zu entwickeln, wobei der Test- 
streifen in eine Probenflussigkeit in einem Proben- 
behalter (20) eingetaucht wird und die Reagenzab- 
schnitte (25) dann einer optischen Messung unter- 
worfen werden, enthaltend eine Probenpositionier- 

15 vorrichtung (14) zum Positionieren der Probenbe- 
halter (20), die jeweils eine Probenflussigkeit enthal- 
ten, in einer vorbestimmten Position (B), und eine 
Teststreifen-Fordervorrichtung (16) enthaltend 
einen Antriebsmechanismus (36) zum Eintauchen 

20 eines Teststreifens (23) mit darauf gebildeten Rea- 
genzabschnitten (25) in die Probenflussigkeit in dem 
Probenbehalter (20) in der vorbestimmten Position 
(B) und dann Ubertragen des Teststreifens (23) an 
eine Messvorrichtung (17), weiter enthaltend Flus- 

25 sigkeitspegel-Abfuhlmittel (39, 40, 55, 57, 58), eine 
Steuer- und Datenverarbeitungseinrichtung (19) 
zum Bestimmen; auf der Basis eines vorbestimmten 
Werts, ob der erfaGte Probenflussigkeitspegel oder 
das Volumen niedriger ist als der notige Minimum- 

30 pegel oder die notige Menge, 
gekennzeichnet durch 

eine Flussigkeitspegel-Einstellvorrichtung (18) zum 
Einsetzen eines Flussigkeitspegel-Anhebeteils (40) 
in den Probenbehalter in der vorbestimmten Posi- 
35 tion zum Anheben des Probenflussigkeitspegels in 
dem Probenbehalter (20) unter der Steuerung durch 
die Steuer- und Datenverarbeitungsvorrichtung 
(19). 

40 2. Analysevorrichtung nach Anspruch 1, wobei die 
Flussigkeitspegel-Einstellvorrichtung (18) einen 
Antriebsmechanismus (42) enthalt, der auf einen 
Arm (41) wirkt, der das Flussigkeitspegel-Anhebe- 
teil (40) tragt, urn die Probentiefe in dem Probenbe- 

^5 halter zu andern, so daG alle Reagenzabschnitte 
(25) auf dem Teststreifen (23) in die Probe einge- 
taucht werden. 

3. Analysevorrichtung nach Anspruch 1 , ferner enthal- 
50 tend einen Arm (41), auf dem sowohl das Flussig- 

keitspegel-Anhebeteil (40) als auch die Flussigkeits- 
pegel-Abfuhlmittel (39) angeordnet sind. 

4. Analysevorrichtung nach einem der Anspruche 1 bis 
55 3, wobei das FIGssigkeitspegel-Anhebeteil (40) ein 

vertikal bewegliches stabformiges Teil umfaftt und 
das Flussigkeitspegelanhebeteil eine auGere Form 
hat, von der ein Teil konform mit der Form der Innen- 
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wand des Probenbehalters (20) ausgebildet ist. 

Analyseverfahren unter Verwendung von Teststrei- 
fen (23), von denen jedes Reagenzabschnitte (25) 
enthalt, die in der Lage sind, bei Kontakt mit einer 5 
Probe Farben zu entwickeln, wobei der Teststreifen 
in eine Probenflussigkeit in einem Probenbehalter 
(20) eingetaucht wird und die Reagenzabschnitte 
(25) dann einer optischen Messung unterworfen 
werden, aufweisend die Schritte: ?o 

Positionieren des Probenbehalters (20) in 
einer vorbestimmten Positition (D), Abfuhlen der 
Probenflussigkeitsoberflache durch Flussigkeitspe- 
gel-Abfuhlmittel (39, 40, 55, 57, 58), bestimmen 
durch einen Steuer- und Datenverarbeitungsvor- is 
richtung (19) ob der abgefuhlte Probenflussigkeits- 
pegel Oder das Volumen kleiner ist als der notige 
Minimumpegel oder die notige Menge, Weiterbewe- 
gen des Probenbehalters in eine Eintauchposition 
(B) und Aktivieren, wenn notig, einer Probenpe- 20 
gel-Einstellvorrichtung (18) zum Einsetzen eines 
Flussigkeitspegel-Anhebeteils (40) in den Proben- 
behalter (20), wobei die Einsetztiefe gesteuert ist, 
abhangig von dem abgefullten Flussigkeitspegel, 
und Anhalten des Einsetzens, wenn der vorbe- 25 
stimmte Pegel erreicht ist, Eintauchen des Teststrei- 
fens (23) fur die beabsichtigte Reaktion in die Pro- 
benflussigkeit durch eine Fordervorrichtung (16), 
Entnehmen des Teststreifens (23) aus dem Proben- 
behalter (20) fur optische Messung, und Entfernen 30 
des Flussigkeitspegel-Anhebeteils (40) aus dem 
Probenbehalter (20). 

Analyseverfahren nach Anspruch 5, wobei der Pro- 
benbehalter (20) weiterbewegt wird, urn aufeinan- 35 
derfolgend in eine Flussigkeitspegel-Abfuhlposition 
(D) und in eine Teststreifeneintauchposition (B) 
positioniert zu werden derart, daft Flussigkeitspe- 
gel-Abfuhlelektroden (39) in dem Probenbehalter in 
der Flussigkeitspegel-Abfuhlposition (D) eingesetzt 40 
werden und daB Flussigkeitspegel-Anhebeteil (40) 
und den Teststreifen (23) beide in den Probenbehal- 
ter in der Teststreifen-Eintauchposition (B) einge- 
setzt werden. 

45 

Analyseverfahren nach Anspruch 5, wobei, wenn 
das Volumen der Probenflussigkeit in dem Proben- 
behalter (23) so klein ist, daB der Probenflussig- 
keitspegel den vorbestimmten Pegel selbst nach 
vollem Einsetzen bis zur zulassigen Maximaltiefe so 
des Flussigkeitspegel-Anhebeteils (40) nicht errei- 
chen kann, ein Alarm ausgegeben wird, urn das 
ungenugende Volumen der Probenflussigkeit anzu- 
zeigen. 



Revendications 

1 . Appareillage analytique utilisant des bandes d'essai 
(23) dont chacune possede des parties de reactif 
(25) propres a developper des couleurs au contact 
d'un echantillon, cette bande d'essai etant trempee 
dans un echantillon liquide dans un recipient a 
echantillon (20), les parties de reactif (25) etant 
ensuite soumises a une mesure optique, compre- 
nant un dispositif de positionnement d'echantillon 
(14) pour positionner les recipients a echantillon 
contenant chacun un echantillon liquide, en une 
position predeterminee (B), et un dispositif de mani- 
pulation de bande d'essai (16) comprenant un 
mecanisme d'entrainement (36) pour tremper une 
bande d'essai (23), avec des parties de reactif (25) 
formees dessus, jusque dans I'echantillon de liquide 
dans le recipient a echantillon (20) en cette position 
predeterminee (B) et ensuite transferer la bande 
d'essai (23) a un dispositif de mesure (17), compre- 
nant en outre un moyen de detection du niveau de 
liquide (39, 40, 55, 57, 58), un dispositif de com- 
mande et de traitement de donnees (1 9) pour deter- 
miner, sur la base d'une valeur predeterminee, si le 
volume ou niveau du liquide echantillon en detection 
est inferieura la quantite ou niveau minimum neces- 
saire, caracterise par un .dispositif d'ajustement du 
niveau de liquide (18) pour inserer un organe d'ele- 
vation du niveau de liquide (40) jusque dans le reci- 
pient a echantillon a la position predeterminee pour 
elever un niveau de liquide d'echantillon dans le 
recipient a echantillon (20) de la maniere comman- 
dee par le dispositif de commande et de traitement 
de donnees (19). 

2. Appareillage analytique selon la revendication 1, 
dans lequel le dispositif d'ajustement du niveau de 
liquide (18) comprend un mecanisme d'entraine- 
ment (42) operant sur un bras (41) supportant 
I'organe d'elevation du niveau de liquide (40) pour 
changer les profondeurs d'echantillon dans le reci- 
pient a echantillon de maniere que toutes les parties 
de reactif (25) sur la bande d'essai (23) soient trem- 
pees jusque dans I'echantillon. 

3. Appareillage analytique selon la revendication 1, 
comprenant en outre un bras (41 ) sur lequel sont 
disposes a la fois I'organe d'elevation du niveau de 
liquide (40) et le moyen de detection du niveau de 
liquide (39). 

4. Appareillage analytique selon I'une des revendica- 
tions 1 a 3, dans lequel I'organe d'elevation du 
niveau de liquide (40) comprend un organe en forme 
de tige mobile verticalement et I'organe d'elevation 
du niveau de liquide possede la configuration exte- 
rieure dont une partie est formee en conformite avec 
la forme d'une paroi interieure du recipient a echan- 
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tillon (20). 

Procede analytique utilisantdes bandes d'essai (23) 
dont chacune possede des parties de reactif (25) 
propres a developper des couleurs au contact d'un s 
echantillon, cette bande d'essai etant trempee dans 
un echantillon liquide dans un recipient a echantillon 
(20), les parties de reactif (25) etant ensuite soumi- 
ses a une mesure optique, comprenant les etapes 
de: 10 

positionnement du recipient a echantillon en 
une position predeterminee (D), detection de la sur- 
face de I'echantillon de liquide par un moyen de 
detection du niveau de liquide (39, 40, 55, 57, 58), 
determination, par un dispositif de commande et de *s 
traitement de donnees (1 9), si le volume ou niveau 
du liquide echantillon delects est inferieur a la quan- 
tity ou niveau minimum necessaire, avance du reci- 
pient a echantillon jusqu'a une position de trempage 
(B) activant, si necessaire, un dispositif d'ajuste- 20 
ment du niveau de liquide (18) pour inserer un 
organe d'elevation du niveau de liquide (40) jusque 
dans le recipient a echantillon a la position prede- 
terminee pour elever un niveau de liquide d'echan- 
tillon dans le recipient a echantillon (20), la proton- 25 
deur d'insertion etant commandee en fonction du 
niveau de liquide detecte, et arret de I'insertion lors- 
que le niveau predetermine est atteint, trempage de 
la bande d'essai (23) pour la reaction prevue jusque 
dans le liquide echantillon par un dispositif de mani- 30 
pulation (16), extraction de la bande d'essai (23) 
hors du recipient echantillon (20) pour mesure opti- 
que, et ret rait de I'organe d'elevation du niveau de 
liquide (40) hors du recipient a echantillon (20). 

35 

Procede analytique selon la revendication 5, dans 
lequel le recipient a echantillon (20) est transfere 
pour etre successivement positionne en une posi- 
tion de detection de niveau de liquide (D) et une 
position de trempage de bande d'essai (B) telle que 40 
des electrodes de detection de niveau (39) soient 
inserees dans le recipient a echantillon a la position 
de detection de niveau de liquide (D) et I'organe 
d'elevation du niveau de liquide (40) et le moyen de 
detection du niveau de liquide (39) soient tous deux 4 $ 
inseres dans le recipient a echantillon a la position 
de trempage de la bande d'essai (B). 

Procede analytique selon la revendication 5, dans 
lequel, lorsque le volume du liquide echantillon dans so 
le recipient a echantillon (23) est si faible que le 
niveau du liquide echantillon ne peut pas atteindre 
le niveau predetermine meme apres que I'organe 
d'elevation du niveau de liquide (40) soit entiere- 
ment insere vers le bas jusqu'a la profondeur maxi- 55 
mum admissible, une alarme est emise pour signa- 
ler un volume insuffisant de I'echantillon de liquide. 
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FIG. 3A 
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FIG. 5 
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FIG. 6 
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